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ABSTRACT
The kinematic properties of young stars that have not yet reached the stage of the
main sequence are studied. The selection of these stars was recently carried out by
Marton et al. (2019) and Vioque et al. (2020) according to the Gaia DR2 catalog
using a number of photometric infrared surveys. We have determined the rotation
parameters of the Galaxy and the parameters of the ellipsoids of the residual velocities.
The linear velocity of the circular rotation of a solar region around the center of the
Galaxy, found using 4431 stars, is equal to V0 = 229.1 ± 4.4 km s
−1. The following
ellipsoid parameters of their residual velocities are found from low-mass stars (of type
TTau): σ1,2,3 = (9.45, 6.99, 6.61)± (0.94, 0.43, 0.32) km s
−1. For stars of intermediate
masses (Herbig Ae/Be stars), their values turned out to be somewhat larger σ1,2,3 =
(13.67, 9.25, 7.26)± (2.40, 2.44, 0.88) km s−1. Distant stars from both Catalogs trace
the local spiral arm well. For 1212 stars, a new estimate of the pitch angle of the Local
spiral arm is equal to i = −8.9± 0.1◦.
Key words: YSO – Kinematics, Galaxy rotation, Spiral Density Wave: Galaxy
(Milky Way).
1 INTRODUCTION
Recently, stars that have not reached the main sequence
stage (PMS) have attracted great interest of researchers.
These include both Herbig Ae/Be stars (HAeBes) stars with
masses from 2M⊙ to 10M⊙, and stars like TTau with masses
less than 2M⊙. In studying the structure and kinematics of
the Galaxy, such stars are important due to their excep-
tional youth. However, until recently, astrometric data nec-
essary for analysis were known only for several hundreds of
such stars located in the Gould Belt region, i.e. near the Sun
(Wichmann et al. 1998; Bertout et al. 1999; Mamajek et al.
2002). Nevertheless, their analysis led to a deep understand-
ing of the evolution of the stellar associations closest to the
Sun (Preibisch & Zinnecker 1999). The example of the Sco-
Cen association showed, in particular, that there are no sig-
nificant differences in the kinematics of massive OB stars
and less massive PMS stars (Sartori et al. 2003).
With the advent of the GaiaDR2 (Gaia Collaboration
2016; 2018a) catalog, it became possible to study a large
number of such stars. The catalog contains trigonometric
parallaxes and proper motions of about 1.3 billion stars.
For a relatively small fraction of these stars, also their
line-of-sight velocities were measured. Photometric measure-
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ments are presented in two broad bands, so only a very
rough classification of stars is possible. For reliable classi-
fication, it is necessary to use more accurate spectral and
photometric data from other sources. Nevertheless, accord-
ing to the Gaia DR2 catalog, a number of important stud-
ies have been carried out related to the kinematics of vari-
ous Galactic subsystems. For this, as distant young objects,
for example, OB stars (Xu et al. 2018; Bobylev & Bajkova
2018), classical Cepheids (Mro´z et al. 2019) or open star
clusters (Soubiran et al. 2018; Bobylev & Bajkova 2019a)
were used.
More than 11 000 high-confidence pre-main sequence
members of ScoOB2 were selected from the GaiaDR2 cat-
alog in work of Damiani et al. (2018). More than 11,000
Young Stellar Objects (YSO) are highlighted in the Vela OB
association area by Cantat-Gaudin et al. (2019). The struc-
ture of the association in the Orion arm was studied using
1000 YSO with data from the GaiaDR2 catalog in work
of GroГџschedl et al. (2018). In the region of the Gould
Belt, i.e. in a near-solar neighborhood with a radius of 500
pc, Zari et al. (2018) selected more than 40 000 stars of the
TTau type according to kinematic and photometric data.
A list of over 1.1 million YSO candidates has been com-
piled in work of Marton et al. (2019), which are already
distributed in a wider neighborhood of the Sun. Using the
YSO sample from this catalog, Krisanova et al. (2020) ob-
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tained estimates of the rotation parameters of the Galaxy.
Their values are in good agreement with the estimates of
other authors obtained from other young objects. However,
we were faced with the fact that the stars we selected had
a rather large dispersion of residual velocities, about 16 km
s−1, which is higher than the expected value for young stars
of ∼ 10 km s−1. Apparently, the sample was contaminated
with older stars. In addition, the sample contained stars with
relative trigonometric parallax errors of less than 20%. In
this paper, we want to use another division of stars into
groups, and also consider stars with parallax errors of less
than 10%. Vioque et al. (2020) compiled a completely new
catalog of Herbig Ae/Be, classical Be and PMS stars. It
contains more than 10,000 stars with kinematic and pho-
tometric data from the Gaia DR2 catalog. The selection of
these stars was carried out according to a method different
from that used in Marton et al. (2019).
The aim of this work is to compile PMS stars sam-
ples from the works Vioque et al. (2020) and Marton et al.
(2019) with the least amount of contamination and to de-
termine from them the parameters of the rotation of the
Galaxy and the parameters of the ellipsoid of the residual
velocities of stars.
2 METHOD
2.1 The Galaxy rotation curve parameters
We use a rectangular coordinate system centered on the Sun,
in which the x axis is directed toward the Galactic center,
the y axis is toward the Galactic rotation, and the z axis is
toward the north pole of the Galaxy. Then x = r cos l cos b,
y = r sin l cos b and z = r sin b.
From observations there are known three components
of a star velocities: the line-of sight velocity Vr and two
projections of the tangential velocity Vl = 4.74rµl cos b and
Vb = 4.74rµb, directed along the Galactic longitude l and
latitude b respectively. All the velocity components are mea-
sured in km s−1. Here, the coefficient 4.74 is the ratio of the
number of kilometers in an astronomical unit to the number
of seconds in a tropical year, and r = pi−1 is the heliocentric
distance of the star in kpc, which we calculate through the
parallax of the star pi in mas. The components of the proper
motion µl cos b and µb are expressed in mas year
−1.
To determine the parameters of the Galactic rotation
curve, we use equations obtained from the Bottlinger for-
mulas, in which the angular velocity Ω is expanded into a
Taylor series in powers of (R − R0) to terms of the second
order of smallness r/R0:
Vl = U⊙ sin l − V⊙ cos l − rΩ0 cos b
+(R −R0)(R0 cos l − r cos b)Ω
′
0
+0.5(R −R0)
2(R0 cos l − r cos b)Ω
′′
0 ,
(1)
Vb = U⊙ cos l sin b+ V⊙ sin l sin b−W⊙ cos b
−R0(R−R0) sin l sin bΩ
′
0
−0.5R0(R −R0)
2 sin l sin bΩ′′0 ,
(2)
where Ω0 is the angular velocity of the Galaxy at a solar
distance R0, Ω
(i)
0 is the i-th derivative of the angular veloc-
ity with respect to R, the linear rotation velocity at a solar
distance equals to V0 = R0Ω0, R0 is the galactocentric dis-
tance of the Sun, R is the distance from the star to the axis
of Galactic rotation, R2 = r2 cos2 b− 2R0r cos b cos l +R
2
0.
Choosing the value of R0
Currently, a number of works have been done on determining
the average value of the distance from the Sun to the center
of the Galaxy using individual definitions of this quantity,
obtained in the last decade by independent methods. For
example, R0 = 8.0±0.2 kpc (Valle´e 2017), R0 = 8.4±0.4 kpc
(Grijs & Bono 2017) or R0 = 8.0±0.15 kpc (Camarillo et al.
2018).
We also note some of the first-class individual defini-
tions of this quantity made recently. An estimate of R0 =
7.9±0.3 kpc (Hirota et al. 2020) was obtained for the masers
of the Japanese VERA program. In Gravity Collaboration
(2019), from an analysis of a 16-year-long series of observa-
tions of the motion of star S2 around a supermassive black
hole in the center of the Galaxy, R0 = 8.178±0.022 kpc was
found. In Do et al. (2019), based on an independent analysis
of the orbit of star S2, R0 = 7.946 ± 0.032 kpc was found.
Based on the above results, in the present work, we assume
the value R0 = 8.0 ± 0.15 kpc.
Distance calculation
Since the publication of the Gaia DR2 catalog, a problem
with trigonometric parallaxes of Gaia DR2 has been known,
namely, the need to correct∆pi with a value from 0.03 to 0.05
mas (Gaia Collaboration 2018b,c). Taking into account the
results of determining the value of this correction, obtained
in Riess et al. (2018); Yalyalieva et al. (2018); ?, we add to
all the original parallaxes of stars from the Gaia DR2 catalog
a correction of 0.05 mas, i.e. pinew = pi + 0.05 mas.
2.2 Residual Velocity Formation
For formation of the residual velocities, we take into account
primarily the peculiar velocity of the Sun, U⊙, V⊙ and W⊙.
It is also necessary to take into account the influence of
the differential rotation of the Galaxy. The expressions for
accounting for these effects are as follows:
Vl = V
∗
l − [U⊙ sin l − V⊙ cos l − rΩ0 cos b
+(R −R0)(R0 cos l − r cos b)Ω
′
0
+0.5(R −R0)
2(R0 cos l − r cos b)Ω
′′
0 ],
(3)
Vb = V
∗
b − [U⊙ cos l sin b+ V⊙ sin l sin b
−W⊙ cos b−R0(R −R0) sin l sin bΩ
′
0
−0.5R0(R−R0)
2 sin l sin bΩ′′0 ],
(4)
where V ∗l , V
∗
b standing on the right-hand sides of the equa-
tions are the initial, uncorrected velocities, and on the left-
hand sides there are the corrected velocities Vl, Vb.
2.3 The Residual Velocity Ellipsoid
We estimated the dispersion of the stellar residual veloci-
ties using the following well-known method (Ogorodnikov
1965). Let U, V,W be the velocities along the coordinate
axes x, y, and z. Let us consider the six second-order mo-
ments a, b, c, f, e, d :
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a = 〈U2〉 − 〈U2⊙〉,
b = 〈V 2〉 − 〈V 2⊙〉,
c = 〈W 2〉 − 〈W 2⊙〉,
f = 〈VW 〉 − 〈V⊙W⊙〉,
e = 〈WU〉 − 〈W⊙U⊙〉,
d = 〈UV 〉 − 〈U⊙V⊙〉,
(5)
which are the coefficients of the equation for the surface
ax2 + by2 + cz2 + 2fyz + 2ezx+ 2dxy = 1, (6)
and also the components of the symmetric tensor of mo-
ments of the residual velocities:(
a d e
d b f
e f c
)
. (7)
To determine the values in this tensor in the absence of
radial-velocity data, the following three equations are used:
V 2l = a sin
2 l + b cos2 l sin2 l − 2d sin l cos l, (8)
V 2b = a sin
2 b cos2 l + b sin2 b sin2 l + c cos2 b
−2f cos b sin b sin l − 2e cos b sin b cos l
+2d sin l cos l sin2 b,
(9)
VlVb = a sin l cos l sin b+ b sin l cos l sin b
+f cos l cos b− e sin l cos b+ d(sin2 l sin b− cos2 sin b),
(10)
for which least-squares solutions were obtained for the six
unknowns a, b, c, f, e, d. We then found the eigenvalues of the
tensor (7): λ1,2,3 by solving the secular equation:∣∣∣∣∣
a− λ d e
d b− λ f
e f c− λ
∣∣∣∣∣ = 0. (11)
This equation’s eigenvalues are inverse squares of the semi-
axes of the ellipsoid of the velocity moments; at the same
time, they are the squares of the semi-axes of the residual
velocity ellipsoid:
λ1 = σ
2
1 , λ2 = σ
2
2 , λ3 = σ
2
3 , λ1 > λ2 > λ3. (12)
We found the directions of the main axes of the tensor (11),
L1,2,3 and B1,2,3, from the relations:
tanL1,2,3 =
ef − (c− λ)d
(b− λ)(c− λ)− f2
, (13)
tanB1,2,3 =
(b− λ)e− df
f2 − (b− λ)(c− λ)
cosL1,2,3. (14)
3 DATA
3.1 Vioque et al. data
In Vioque et al. (2020), HAeBe stars were selected ac-
cording to the Gaia DR2 catalog using photometric mea-
surements from infrared surveys 2MASS (Skrutskie et al.
2006), WISE (Cutri et al. 2013), IPHAS (Drew et al. 2005;
Barentsen et al. 2014) and VPHAS + (Drew et al. 2014).
The catalog contains three star samples — PMS, CBe and
EITHER.
The PMS sample consists of 8470 candidates for young
stars not reached the main sequence. Members of this sample
are both Herbig stars Ae/Be, and stars of the TTaurus type.
The CBe sample contains 693 candidates for classic Be
stars. CBe are stars of spectral class B, located on the main
sequence, have fast axial rotation, they are surrounded by
gas disks. These are the most massive stars among those
considered by us.
The EITHER sample includes 1309 stars. It includes
stars that have the following probability values p: (pPMS +
pCBe) > 50%, but pPMS < 50% and pCBe < 50%.
All of these samples contain very young stars. There
are no intersections between samples. In order to attract
the maximum number of young stars in the problem of de-
termining the rotation parameters of the Galaxy, we also
formed a combined sample ALL, which included the stars of
the three samples CBe, EITHER and PMS.
The Color-Magnitude Diagram for stars of the ALL
sample from the Vioque et al. (2020) catalog with distances
greater than 0.5 kpc is given in Fig. 1(a), and with distances
less than 0.5 kpc in Fig. 1(b). The distribution of stars of
this sample with relative trigonometric parallax errors of
less than 10% on the Galactic plane XY is given in Fig. 2,
where the connection with the Local spiral arm (Orion arm)
is clearly visible. The figure shows a spiral pattern with a
pitch angle of −13◦ according to Bobylev & Bajkova (2014).
Connection with other segments of the global spiral struc-
ture is also visible, although to a more less extent. For ex-
ample, in the distribution of more massive stars (Fig. 1(a),
you can see the concentration of stars in the second Galactic
quadrant near the Perseus arm. And in the distribution of
less massive stars (Fig. 1(b) several condensations are clearly
visible near the Carina-Sagittarius arm.
3.2 Marton et al. data
Marton et al. (2019) obtained a sample of young stars
from a combination of Gaia DSR2 and WISE catalogs
data using dust transparency indices (τ ) from Planck
(Planck Collaboration 2016). In total, the Marton et al.
(2019) catalog contains more than 100 million objects of
various nature. For a detailed study of the young popula-
tion of the Milky Way, they compiled a list of more than 1.1
million candidates for young star objects. These authors in-
troduced 4 main classes вЂ”вЂ“ YSO, extragalactic objects,
main sequence stars, and evolved stars. For each object, the
probability of belonging to each of the four classes consid-
ered is calculated.
In Krisanova et al. (2020), the restrictions for the se-
lection of YSO stars were as follows: line-of-sight velocity
error 6 10 km s−1, heliocentric distance <3 kpc, and rela-
tive parallax error <15 %. And according to the probabilities
from Marton et al. (2019) it was R>0.5, LY > 0.8, where R
is a probability that WISE W3 and W4 detections are real
and LY is a probability of the source being a YSO using all
WISE bands. And when solving the basic kinematic equa-
tions, we got a rather large value of the error of a unit of
weight, about 16 km s−1.
Experimentally, we found the conditions for the selec-
tion of stars, which ultimately have very small variances of
their residual velocities. These are the following restrictions
on the probability values: В
LY > 0.95 and SY > 0.98 and
LMS < 0.5, SMS < 0.5, SE < 0.5 and SEG < 0.5,
(15)
where SY is a probability of the source being a YSO without
c© 2020 RAS, MNRAS 000, 1–??
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Figure 1. H-R diagram for stars from the catalog of Vioque et al.(2010), with distances greater than 0.5 kpc (a); with distances less
than 0.5 kpc (b).
Figure 2. The distribution of stars from the catalog of Vioque et al.(2010) on the XY plane with distances greater than 0.5 kpc (a);
with distances less than 0.5 kpc (b).
W3 and W4 WISE bands, LMS is a probability of the source
being a main-sequence star using all WISE bands, SMS is a
probability of the source being a main-sequence star without
W3 and W4 WISE bands, SE is a probability of the source
being an evolved star without W3 and W4 WISE bands and
SEG is a probability of the source being an extragalactic
object without W3 and W4 WISE bands.
With this selection, we finally have 5571 stars with rela-
tive trigonometric parallax errors of less than 10%, they are
located no further than 4 kpc from the Sun.
The CMD diagram for stars from the Marton et al.
(2019) catalog with distances greater than 0.5 kpc is given in
Fig. 3(a), and with distances less than 0.5 kpc in Fig. 3(b).
Note that the diagram is constructed without taking into
account absorption. As can be seen from Fig. 3(a), all rela-
tively distant stars in the CMD diagram lie above the main
sequence. Unlike the sample from the Vioque et al. (2020)
catalog, here we have quite a few stars from the Gould Belt
region. Moreover, about half of them, apparently, are old
low-mass stars of the main sequence. Therefore, we divided
the sample of nearby stars into two parts with the boundary
MG = 2.7(BP −RP ) + 2
m.
The distribution of stars selected by us from the catalog
of Marton et al. (2019) with relative trigonometric parallax
errors of less than 10% on the Galactic plane XY is given in
Fig. 4. Fig. 4(a) shows a spiral pattern with a pitch angle of
−13◦ according to Bobylev & Bajkova (2014). It is interest-
ing to note that the distribution of stars in Fig. 4(a) is very
similar to the distribution of Fig. 1(b), where the connec-
tion with the Local spiral arm (Orion arm) is also visible.
The distribution of stars in Fig. 4(b) is very similar to the
distribution of stars and OB associations characteristic of
the Gould belt. But the distribution of stars in Fig. 4(c) is
c© 2020 RAS, MNRAS 000, 1–??
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Figure 3. H-R diagram for stars from the catalog of Marton et al. (2019) with distances greater than 0.5 kpc (a); with distances less
than 0.5 kpc (b).
Figure 4. The distribution of stars from the catalog of Marton et al. (2019) on the XY plane with distances greater than 0.5 kpc (a);
errors of the tangential velocities distance (b) and (c).
already much less similar to the distribution of stars in the
Gould Belt. В
4 RESULTS AND DISCUSSION
Table 1 gives the values of kinematic parameters found from
the stars from the catalog of Vioque et al. (2020). The data
are divided into distant r > 0.5 kpc, which are given in the
first three columns and nearby stars r 6 0.5, presented in the
last column. In the second and third columns, the separation
was performed in absolute value with the boundary (MG)0 =
0.5m, as in Fig. 1, and in the first column of the Table, the
results were obtained from a combined sample of distant
stars . As can be seen from Fig. 1, there are few nearby
stars from the catalog of Vioque et al. (2020), they are on
almost 50% contaminated with main sequence stars. The
kinematics of young close stars has features associated with
their belonging to the Gould Belt. Therefore, when searching
for Galactic rotation parameters, it is better not to use them.
Table 2 gives the values of the kinematic parameters
found from the stars from the catalog of Marton et al.
(2019). The data are divided into distant r > 0.5 kpc, which
are given in the first column and nearby stars with r 6 0.5
kpc, presented in the second and third columns. The separa-
tion of nearby stars was carried out in absolute value relative
to the empirical dependence MG = 2.7(BP −RP ) + 2
m, as
in Fig. 3. As can be seen from Fig. 3(b) and Fig. 3(c), as
well as the Table 2, the two samples of nearby stars have
strong differences, both in the distribution on the XY plane
and in kinematics.
4.1 Galaxy Rotation
As can be seen from the tables 1 and 2 for all samples of stars
with distances greater than 0.5 kpc, the rotation parameters
of the Galaxy Ω0, Ω
′
0 and Ω
′′
0 are well defined. These values
are in good agreement both among themselves and with the
results of the analysis of other samples of young objects.
c© 2020 RAS, MNRAS 000, 1–??
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Table 1. Kinematic parameters found from the stars of the ALL sample with relative trigonometric parallax errors of less than 10%,
catalog of Vioque et al. (2020).
Parameters r > 0.5 kpc r > 0.5 kpc r > 0.5 kpc r 6 0.5 kpc
All (MG)0 6 0.5
m (MG)0 > 0.5
m
U⊙, km s−1 6.79± 0.19 6.49 ± 0.47 7.01± 0.19 12.68± 0.80
V⊙, km s−1 9.49± 0.33 9.25 ± 0.80 9.93± 0.40 15.64± 1.45
W⊙, km s−1 7.58± 0.15 6.65 ± 0.29 8.00± 0.16 6.24± 0.52
Ω0, km s−1 kpc−1 28.60± 0.13 28.81 ± 0.23 28.03 ± 0.18 30.8± 2.5
Ω′0, km s
−1 kpc−2 −4.043± 0.042 −4.044± 0.077 −4.012 ± 0.050 −3.78± 0.63
Ω′′0 , km s
−1 kpc−3 0.746± 0.035 0.701± 0.056 0.895 ± 0.069 —
σ0, km s−1 7.80 8.98 6.91 9.82
V0, km s−1 228.8 ± 4.4 230.5 ± 4.7 224.3± 4.4 246± 21
N⋆ 2902 915 1987 375
σ1, km s−1 11.49± 1.04 13.67 ± 2.40 9.45± 0.94 14.9± 1.1
σ2, km s−1 8.89± 0.83 9.25 ± 2.44 6.99± 0.43 10.0± 1.2
σ3, km s−1 7.07± 0.35 7.26 ± 0.88 6.61± 0.32 7.6± 1.8
L1, B1 86◦, 12◦ 68◦, 0◦ 79◦, −17◦ 30◦, −2◦
L2, B2 176◦, −3◦ 158◦, 0◦ 169◦, 1◦ 119◦, 16◦
L3, B3 280◦, 78◦ 296◦, 90◦ 82◦, 73◦ 306◦, 74◦
Table 2. Kinematic parameters found from stars with relative trigonometric parallax errors of less than 10%, catalog of Marton et al.
(2019).
Parameters r : 0.5− 4 kpc r 6 0.5 kpc r 6 0.5 kpc
U⊙, km s−1 7.14± 0.15 12.48± 0.25 10.01± 0.93
V⊙, km s−1 9.63± 0.29 14.78± 0.33 19.10± 0.91
W⊙, km s−1 7.74± 0.12 6.86± 0.14 7.25± 0.50
Ω0, km s−1 kpc−1 28.40± 0.14 28.23± 0.98 36 ± 5
Ω′0, km s
−1 kpc−2 −3.961± 0.041 −2.50± 0.19 −4.012± 0.050
Ω′′0 , km s
−1 kpc−3 0.859± 0.060 — —
σ0, km s−1 5.55 5.05 18.13
V0, km s−1 227.2 ± 4.4 226± 9 287± 42
N⋆ 2277 1748 1536
σ1, km s−1 6.91± 0.41 9.96± 0.14 25.50± 0.17
σ2, km s−1 6.11± 0.20 5.40± 0.96 17.40± 1.65
σ3, km s−1 5.09± 0.22 0.9± 3.8 13.91± 0.61
L1, B1 15◦, 9◦ 64◦, 21◦ 33◦, −3◦
L2, B2 106◦, 10◦ 153◦, 4◦ 121◦, 31◦
L3, B3 243◦, 77◦ 256◦, 68◦ 308◦, 59◦
In order to reduce random errors of the determined pa-
rameters of the Galactic rotation when solving the system
of equations (1)–(2), we formed a combined sample of dis-
tant stars. Taking into account the fact that between the
samples of distant stars from the catalogs of Vioque et al.
(2020) and Marton et al. (2019) there are about 700 com-
mon stars, a sample of 4431 stars was obtained. From this
sample of distant (r : 0.5 − 4 kpc) stars, there were found
the components of the group velocity vector (U⊙, V⊙,W⊙) =
(7.06, 9.16, 7.61)±(0.14, 0.24, 0.11) km s−1 and the following
components of the angular velocity of Galactic rotation:
Ω0 = 28.3 ± 0.10 km s
−1 kpc−1,
Ω′0 = −4.007 ± 0.032 km s
−1 kpc−2,
Ω′′0 = 0.710 ± 0.028 km s
−1 kpc−3.
(16)
In this solution, the unit weight error is σ0 = 7.2 km
s−1, the values of the Oort constants A = 16.03 ± 0.33 km
s−1 kpc−1 and B = −12.61 ± 0.34 km s−1 kpc−1, and
the linear velocity of rotation of the Solar neighborhood
around the center of the Galaxy is V0 = 229.1 ± 4.4 km
s−1. It can be seen that in the solution (16), random er-
rors of the determined parameters decreased in comparison
with the results specified in Tables 1 and 2. В Based on
130 masers with measured VLBI trigonometric parallaxes,
Rastorguev et al. (2017) found the following parameters of
the Galactic rotation curve: Ω0 = 28.93±0.53 km s
−1 kpc−1,
Ω′0 = −3.96± 0.07 km s
−1 kpc−2, Ω′′0 = 0.87± 0.03 km s
−1
kpc−3, and V0 = 243± 10 km s
−1 (for R0 = 8.40± 0.12 kpc
found).
In work Bobylev & Bajkova (2019b) we have studied a
sample containing ∼ 6000 OB stars with proper motions
and trigonometric parallaxes from the Gaia DR2 catalogue.
The following parameters of the angular velocity of Galactic
rotation have been found: Ω0 = 29.70± 0.11 km s
−1 kpc−1,
Ω′0 = −4.035±0.031 km s
−1 kpc−2, and Ω′′0 = 0.620±0.014
km s−1 kpc−3. The circular rotation velocity of the solar
c© 2020 RAS, MNRAS 000, 1–??
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neighborhood around the Galactic center is (for the adopted
R0 = 8.0± 0.15 kpc).
It is interesting to note the work of Eilers et al. (2019),
where, for a sample of more than 25 000 luminous red giant
stars, the estimate V0 = 229.0±0.2 km s
−1 (for the adopted
R0 = 8.122 ± 0.031 kpc) was obtained. Rotation curve of
the Galaxy was constructed on the distance interval R :
5− 25 kpc.
In a recent work by Ablimit et al. (2020), about 3 500
classical Cepheids from various sources were used to con-
struct the rotation curve of the Galaxy. The circular rotation
velocity of the solar neighbourhood was V0 = 232.5±0.9 km
s−1, which is in good agreement with our estimate of this
speed. Based on the Cepheids of this sample, the rotation
curve of the Galaxy was constructed on the distance interval
R : 4− 19 kpc.
4.2 Residual Velocity
The work Bobylev (2020) performed a kinematic analysis of
stars of the type TTau from the list of Zari et al. (2018).
The error value of the unit of weight σ0 for various samples
is in the range of 10–12 km s−1, and the values of the Oort
constants A and B are close to ones inherent for the Gould
Belt, i.e. significantly different from the characteristics of
Galactic rotation. An analysis of the movements of the stars
of this sample of stars showed that the residual velocity el-
lipsoid with the main semiaxes σ1,2,3 = (8.87, 5.58, 3.03) ±
(0.10, 0.20, 0.04) km s−1 is located at an angle of 22 ± 1◦
to the Galactic plane with the longitude of the ascending
node 298 ± 2◦. В The components of the peculiar velocity
of the Sun (U⊙, V⊙,W⊙) = (12.48, 14.78, 6.86) km s
−1, the
variance of the residual velocities and the orientation param-
eters of the ellipsoid indicated in the penultimate column of
the Table 2 are in good agreement with the estimates char-
acteristic for the Gould Belt. Fig. 3(b) also shows the close
relationship of the stars of this sample with the Gould Belt.
It is also obvious that the velocity value V⊙ = 19.10 ±
0.91 km s−1 and the variance of the residual velocities indi-
cated in the last column of Table 2 indicate the dominance
of old stars in this sample.
One of the goals of the present work was to select such
conditions that would ensure obtaining a sample from the
list of Marton et al. (2019) with a minimum dispersion of
the residual velocities of stars. The results indicated in the
first and second columns of Table 2 indicate that such a goal
has been achieved. Of particular interest is the sample which
analysis results are indicated in the first column of Table 2.
After all, we only analyzed the components Vl and Vb, cal-
culated through parallaxes and proper motions. Moreover,
random errors of these velocities increase with increasing
distance. However, as can be seen from the first column of
Table 2, the error of the unit weight σ0 and the variance of
the residual velocities σ1,2,3 of these stars are small. Thus,
the application of constraints (15) in combination with the
condition r > 0.5 kpc (if necessary, with a constraint on
σπ/pi) allows one to select a uniform sample of very young
stars from the catalog of Marton et al. (2019).
The value σ0 can be considered as the average coordi-
nate dispersion of residual velocities over three coordinates.
The average dispersion of hydrogen clouds HI is 3–5 km
s−1 (Clemens 1985). The dispersion of the residual veloc-
ities of distant OB stars is 10–12 km s−1 (Uemura et al.
2000; Bobylev & Bajkova 2019b). For example, in the kine-
matic analysis of ∼ 6000 OB stars with proper motions and
trigonometric parallaxes from the Gaia DR2 catalog, the
unit error was σ0 = 11 km s
−1 Bobylev & Bajkova (2019b).
Thus, the found value of σ0 ∼ 6 km s
−1 indicates the ex-
treme youth of the analyzed stars recently formed from hy-
drogen clouds.
In the catalog of Vioque et al. (2020), almost all stars
are very young. According to their positions on the CMD
diagram, they are generally more massive compared to the
stars of our sample from the catalog of Marton et al. (2019).
As can be seen from Table 1, the variances of their residual
velocities are also small. The third axis of the ellipsoid of
residual velocities found from distant stars does not deviate
from the vertical, which is clearly seen in the sample from
the second column of Table 1, where B3 = 90
◦.
4.3 Local Arm
The equation describing the position of a Galactic object on
the logarithmic spiral can be written in the following way:
R = a0e
(θ−θ0) tan i, (17)
where a0 > 0, θ is the object’s position angle measured in
the direction of Galactic rotation: tan θ = y/(R0−x), where
x, y are Galactic heliocentric rectangular coordinates of the
object; θ0 is angle at which R = a0; i is pitch angle (i < 0
for leading spirals).
Putting a0 = R0 in Equation (17), we can estimate the
value of pitch angle i as
tan i =
ln(R/R0)
θ − θ0
, (18)
where, obviously, θ0 = 0
◦. For this purpose, a “position an-
gle – distance logarithm” diagram is constructed, where arms
of a logarithmic spiral are presented as line segments. Such
method is widely used for studying the Galactic spiral struc-
ture based on the various object data (Popova & Loktin
2005; Xu et al. 2013; Bobylev & Bajkova 2014). The advan-
tage of this approach is that the estimate of pitch angle i
does not depend on the number of spiral arms.
As can be seen from Fig. 2 and Fig. 4, there are too few
stars near the Perseus and Carina-Sagittarius spiral arms to
specify the value of the pitch angle i. But the section of the
Local arm is very well visible. Therefore, we decided to find
the value of the pitch angle i from the combined sample of
4431 distant stars. In Fig. 5 the distribution of the combined
sample of 4431 distant stars on the plane ln(R/R0) − θ is
given.
The spiral arms characteristics were obtained from lin-
ear regression ln(R/R0) = a · θ + b (see eq, (18)). The
problem was solved both with unit weights. Using 1212
stars, candidates for belonging to the Local arm, the fol-
lowing parameters were found a = −0.1562 ± 0.0023 and
b = 0.0075± 0.0003, which implies that i = −8.9± 0.1◦ and
the Local arm near the Sun extends toward the anticenter
of the Galaxy at a distance 60± 2 pc (x = −60± 2 pc).
Xu et al. (2013) obtained an estimate of the pitch an-
gle of the Local Arm i = −10.1 ± 2.7◦ using 30 masers
with VLBI-measured parallaxes. With increasing number
of measurements, these authors found i = −11.6 ± 1.8◦
c© 2020 RAS, MNRAS 000, 1–??
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Figure 5. The distribution of the combined sample of 4431 distant stars on the plane ln(R/R0)− θ.
(Xu et al. 2016). In work of Reid et al. (2019), a new es-
timate of i = −11.4 ± 1.9◦ was obtained from 28 sources.
5 CONCLUSIONS
The kinematic properties of young stars that have not
yet reached the stage of the main sequence are studied.
The selection of these stars was carried out in the works
of Vioque et al. (2020) and Marton et al. (2019) accord-
ing to the Gaia DR2 catalog and using various photomet-
ric infrared surveys. The approaches of these authors have
methodological differences, therefore, the properties of their
samples have both differences and similarities. We examined
stars with relative trigonometric parallax errors of less than
10%.
First of all, it can be noted that in the samples from
work of Vioque et al. (2020), all the stars are very young.
Among them, the percentage of old main sequence stars is
negligible. In addition, among them there are few stars from
a near-solar neighborhood with a radius of 0.5 kpc.
The catalog of Marton et al. (2019) contains a huge
number of candidates in the YSO with different values of the
probability of belonging to young objects. Experimentally,
we found the conditions for the selection of stars, which ulti-
mately have very small variances of their residual velocities.
These are the following restrictions on the probability val-
ues: LY>0.95 and SY>0.98, provided LMS<0.5, SMS<0.5,
SE<0.5, and SEG<0.5. With this selection, it turns out that
all relatively distant stars (r > 0.5 kpc) in the CMD diagram
lie above the main sequence.
From distant stars (r > 0.5 kpc) from both catalogs,
the Galactic rotation curve parameters were determined in
good agreement with each other. The linear velocity of the
Galactic rotation V0 is in the range 227–229 km s
−1, and the
error in determining this value in both cases is 4.4 km s−1.
It can be noted that the sample of stars from the catalog of
Vioque et al. (2020) contains generally more massive stars
compared to the sample from the catalog of Marton et al.
(2019). Although in the region of faint stars between these
catalogs there are about 15% of the total stars. The third
axis of the ellipsoid of residual velocities found from distant
stars does not deviate from the vertical, what is especially
clearly seen in the sample of massive stars.
From 4431 proper motions of the combined sample
of stars with relative trigonometric parallax errors of less
than 10% and heliocentric distances from 0.5 kpc to 4 kpc,
the following values of the angular velocity of the Galaxy
were found: Ω0 = 28.63 ± 0.10 km s
−1 kpc−1, Ω
′
0 =
−4.007 ± 0.032 km s−1 kpc−2 and Ω
′′
0 = 0.710 ± 0.028 km
s−1 kpc−3, where the linear velocity of the circular ro-
tation of a solar neighborhood around the center of the
Galaxy is V0 = 229.1pm4.4 km s
−1 for the accepted value
R0 = 8.0± 0.15 kpc.
The variance of the residual velocities of the stars
from the list of Vioque et al. (2020) slightly depends on
the position of the stars in the CMD diagram. From the
stars from the bottom of the diagram with the absolute
value (MG)0 > 0.5
m, the following parameters of the el-
lipsoid of their residual velocities were found: σ1,2,3 =
(9.45, 6.99, 6.61) ± (0.94, 0.43, 0.32) km s−1. And for the
stars from the top of the diagram, with the absolute value
(MG)0 6 0.5
m,, their values turned out to be somewhat
larger: σ1,2,3 = (13.67, 9.25, 7.26)± (2.40, 2.44, 0.88) km s
−1.
The variance of the residual velocities of stars ex-
tracted from the catalog of Marton et al. (2019) is less
dependent on the position of the stars in the CMD dia-
gram. They depend on the heliocentric distance of the stars
of the sample. Based on the stars from the range of dis-
tances r : 0.5 − 4 kpc, the following parameters of the
ellipsoid of their residual velocities were found: σ1,2,3 =
(6.91, 6.11, 5.09)± (0.41, 0.20, 0.22) km s−1. And for nearby
stars from the vicinity of r 6 0.5 kpc we found σ1,2,3 =
(9.96, 5.40, 0.9) ± (0.14, 0.96, 3.8) km s−1.
Among the stars from the catalog of Marton et al.
(2019), lying in a near-solar neighborhood with a radius of
0.5 kpc, the proportion of old main sequence stars is large.
Using them, the following parameters of the ellipsoid of their
residual velocities were found: σ1,2,3 = (25.5, 17.4, 13.9) ±
(0.2, 1.7, 0.6) km s−1.
Distant stars from both catalogs trace the Local spiral
arm (Orion arm) well. For 1212 stars of the combined sam-
ple, a new estimate of the pitch angle of the Local spiral
arm, equal to i = −8.9± 0.1◦ is obtained.
c© 2020 RAS, MNRAS 000, 1–??
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